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(57) A strap assembly (10) to be looped about split 
portions (50) of human tissue to retain the split 
portions in adjacent contacting relation to promote 
healing thereof is provided. The strap assembly in- 
cludes a flexible strap member (12) and a buckle 
member (14) to secure the strap member. The buck- 
le member includes a base member (16) having an 
opening (18) extending therethrough for reception of 
the strap member and a clip member (20) pivotally 
mounted to the base member for engaging the strap 
member. The clip member is adapted to pivot from 
an open position to allow for reception of the strap 
member through the opening and a closed position 
wherein the strap is engaged by and wedged be- 
tween a forward edge (27) of the clip member and 
the base member to secure the strap member ar- 
ound the split portions of tissue. 
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BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to surgical de- 
vices for repair of split portions of tissue. In particu- 
lar, the invention is directed to a strap assembly for 
securing a strap about split portions of a sternum 
to maintain the portions in adjacent contacting rela- 
tionship during healing. 

2. Description of the Prior Art 

During surgery that involves a median ster- 
notomy, e.g., open heart surgery, the sternum is 
split longitudinally to allow access to the organs 
within the thoracic cavity. Upon completion of the 
surgery, the sternum is rejoined and closed se- 
curely. For proper healing to occur, the split ster- 
num portions must be engaged in face-to-face rela- 
tionship and compressed together while the ster- 
num heals. 

Traditional methods for closing a sternum in- 
volve securing steel wires around or through the 
sternum halves and approximating the sternum by 
twisting the wires together. 

Recently, a certain amount of emphasis has 
been directed towards the use of band or strap 
assemblies for sternum repair. Such assemblies 
typically include a locking mechanism which se- 
cures a strap in a closed looped configuration 
about the sternum portions. One example of an 
assembly of this type is described in U.S. Patent 
No. 4,813,416 and includes a banding assembly 
having a curved surgical needle, an attached thin 
flat stainless steel band and a buckle mechanism. 
The sternum halves are brought to abutting closure 
by looping the band in position around or through 
the sternum portions and securing the band within 
the buckle mechanism. 

While utilization of steel wires and strap as- 
semblies have been widely accepted for sternum 
repair, certain shortcomings with these devices are 
apparent. The use of steel wires presents problems 
to the surgeon during the operation and to the 
patient after closure is completed. Steel wires are 
difficult to maneuver and place around the sternum. 
The wire edges are often sharp and can easily 
pierce through undesired areas including tissue 
surrounding the sternum area or the surgeon's 
gloves or fingers. 

The strap assemblies known heretofore incor- 
porate buckle mechanisms which are relatively 
structurally complex. For example, the buckle 
mechanism described in U.S. Patent No. 4,813,416 
includes a saddle part, inturned flanges disposed 
on opposing sides of the saddle part and a loop 
segment. The saddle part and inturned flanges 



define a band slide through course for reception of 
a portion of the band. A spring leaf extends upwar- 
dly from the loop segment through a slot in the 
saddle part. The tip end of the spring leaf is 

5 narrowed to define a spring tooth or projection 
which projects through an aperture formed in the 
band to maintain the closed band loop in a locked 
configuration. 

Thus, there is a clear need for a surgical de- 

10 vice which is simple in construction and effectively 
secures the divided sternum portions together for 
healing. The present invention is directed to a strap 
assembly having a buckle member of relatively 
simple construction which securably retains a strap 

75 in a closed looped locking configuration around 
sternum portions to maintain the portions in adja- 
cent engaged relation during healing. 

SUMMARY OF THE INVENTION 

20 

A strap assembly to be looped about split 
portions of human tissue to retain the split portions 
in adjacent contacting relation to promote natural 
healing thereof comprises a strap member and a 

25 buckle member. The buckle member includes a 
base member having an opening extending there- 
through for reception of the strap member and 
means for engaging the strap member received 
within the opening to securely wedge the strap 

30 member against the base member. 

In a preferred embodiment, the buckle member 
comprises a base member having a transverse 
opening extending therethrough for reception of the 
strap member and a clip member pivotally posi- 

35 tioned in the base member for engaging the strap 
member received within the opening. The clip 
member pivots between an open position to allow 
for reception of the strap member through the 
opening and a closed position to wedge the strap 

40 member between a forward edge of the clip mem- 
ber and the base member to secure the strap 
member around the tissue. Preferably, the clip 
member is attached to the strap member such that 
tightening of the strap member around the split 

45 portions of tissue applies a tensional force to the 
clip member. This force causes the clip member to 
pivot to the closed position in which the forward 
edge of the clip member engages the strap mem- 
ber received within the opening to securely wedge 

60 and retain the strap member between the forward 
edge of the clip member and the base member. 

The strap member may include handle means 
to facilitate maneuvering the strap assembly ar- 
ound the split portions of tissue. The handle means 

55 may include a looped section of a first end portion 
of the strap member. A surgical needle may be 
attached to a second end portion of the strap 
member to facilitate maneuvering through body 
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tissue. 

A method is also disclosed for repairing split 
portions of body tissue. The method comprises the 
steps of providing a strap assembly including a 
flexible strap member and a buckle member. The 
buckle member includes a base member having an 
opening extending therethrough for reception of the 
strap member and a clip member pivotally posi- 
tioned in the base member for engaging the strap 
member received within the opening. The method 
further comprises the steps of looping the strap 
member around the split tissue portions to be 
joined, inserting a first end of the strap member 
through the opening in the buckle member, tighten- 
ing the looped strap member about the split tissue 
portions to bring them into adjacent engaged rela- 
tion and securing the strap member with the buckle 
member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the invention are 
described herelnbelow with reference to the draw- 
ings wherein: 

FIG. 1 is a side view in cross-section of the 

strap assembly constructed according to the 

present invention, Illustrating the buckle member 

with attached strap member; 

FIG. 2 is a top plan view of the clip member of 

the buckle member of FIG. 1; 

FIG. 3 Is a top plan view of the base member of 

the buckle member of FIG. 1; 

FIG. 4 Is a top plan view of the buckle member 

of FIG. 1, Illustrating the clip member mounted 

to the base member; 

FIG. 5 is a perspective view of the strap assem- 
bly of FIG. 1 in a closed looped configuration 
around sternum portions; 
FIG. 6 Is an enlarged cross-sectional view taken 
along lines 6-6 of Fig. 5 illustrating the strap 
assembly of FIG. 1 in the open position; 
FIG. 7 Is an enlarged frontal view taken along 
the lines 7-7 of FIG. 5 illustrating the strap 
assembly in the closed position; 
FIG. 8 is an enlarged cross-sectional view taken 
along lines 8-8 of FIG. 7 Illustrating the strap 
assembly in the secured position; 
FIG. 9 is a side view in cross-section of an 
alternative embodiment of the buckle member of 
the present invention; and 
FIG. 10 is a side view of a portion of the 
embodiment of Fig. 9, modified to show a slant- 
ed ramp. 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring initially to Fig. 1, there is illustrated 

5 the strap assembly 10 constructed according to the 
present invention. Strap assembly 10 has particular 
application in securing split portions of a sternum 
together after a sternotomy and includes elongated 
strap 12 and buckle member 14 secured to a first 

10 end portion of the strap. Strap 12 may be formed 
of any material suitable for use In stabilizing frac- 
tured bones or securing tissue portions together. 
Examples of such materials include those fabri- 
cated from synthetic fibers such as polyesters, 

15 polyethylene, polytetrafluoroethylene and 
polyamides. In a preferred embodiment, strap 12 is 
formed from a bioabsorbable material such as cat- 
gut or synthetic materials including polymers and 
copolymers of glycolldes, lactldes, carbonates and 

20 lactones. 

U.S. Patent Application No. 07/829,423, the 
contents of which are incorporated herein, dis- 
closes a strap or sternum closure ribbon which 
may be readily adapted for use with the assembly 

26 of the present invention. That strap is a braided 
product having a plurality of elongated filamentary 
reinforcing members of ultra high molecular weight 
polyethylene fibers. The fibers may be plasma 
treated to reduce slip characteristics of the yarn. 

30 The fibers exhibit strengths from about 375 kpsi 
(thousands of pounds per square inch) to 560 kpsi 
and a tensile module of from about 15 msi (millions 
of pounds per square inch) to about 30 msl. It is to 
be appreciated that strap 42 Is readily pliable for 

36 forming the sternum encircling loop course. 

Buckle member 14 includes base member 16 
having opening 18 extending through the base 
member for reception of a portion of a strap and 
clip member 20 pivotally mounted to base member 

40 16 at position A. Clip member 20 is adapted to 
pivot between an open position to allow for the 
passage of the strap within opening 18 and a 
closed position (shown in phantom) to secure the 
strap within the buckle. Base member 16 also 

45 includes longitudinal grooves 22,24 disposed on 
the lower surface of base member 16. Grooves 
22,24 are configured to accommodate portions of 
the strap beneath base member 16 when the strap 
is secured around the split portions of the sternum. 

60 This enables the buckle member 14 to rest flatly 
on the surface of the sternum when in the secured 
position. 

Referring now to Fig. 2, clip member 20 is 
shown and Includes head portion 26, intermediate 
66 portion 28 and tall portion 30. Head portion 26 
includes forward edge 27 which engages strap 12 
when buckle 14 is in the locked position. Preferably 
edge 27 Is serrated. Head portion 26 and tail 
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portion 30 are latitudinally displaced relative to 
each other by bend lines 25A, 25B to provide a 
generally stepped configuration of clip nnember 20 
(Figs. 1 and 6). Such stepped configuration enables 
the clip nnennber to be acconannodated by base 
member 16 when the clip member is in a strap 
engaging position. Tail portion 30 includes slot 31 
which is configured to receive a portion of strap 12 
to secure the strap to clip member 20. A pair of 
opposed notches 32 are formed in head portion 26. 
Notches 32 define opposed arcuate tabs 34. The 
notches and tabs are provided to mount clip mem- 
ber 20 to base member 16 as will be described 
hereinbelow. 

Referring now to Fig. 3, base member 16 is 
illustrated with clip member 20 removed. Opening 
18 of base member 16 defines forward edge or 
ramp 36 and rear edge 38. Typically, ramp 36 may 
be perpendicular to the longitudinal axis of the 
base member or at a slight angle, e.g., less than 
20' away from the perpendicular, preferably be- 
tween 12* and 18' away from the perpendicular. 
Two projections 40 are provided and extend in- 
wardly into opening 18 adjacent rear edge 38. 
Projections 40 act as a pivot point and assist in 
stabilizing clip member 20 when the clip member 
is mounted to the buckle. A depressed groove 42 
is formed in each projection 40 adjacent rear edge 
38. Grooves 42 are adapted to accommodate ar- 
cuate tabs 34 of clip member 20 when the clip 
member is mounted to the base member. 

Fig. 4 shows clip member 20 mounted within 
base member 16. Clip member 20 is pivotally 
mounted to the base member by inserting the clip 
member within opening 18 and positioning arcuate 
tabs 34 of the clip member within depressed 
grooves 42. Thereafter, the upper surface portion 
adjacent grooves 42 may be deformed by, for 
example, a peening operation which flattens and 
displaces base material over arcuate tabs 34 of clip 
member 20. This displacement may be controlled 
to enclose tabs 34 within grooves 42 to thereby 
mount clip member 20 to the base member. 

In the alternative, clip member 20 may be 
mounted to base member 16 by providing a pair of 
opposing recesses in the base member adjacent 
grooves 42 to receive corresponding arcuate tabs 
34 of the clip member such that tabs 34 snap into 
the recesses to mount the clip member to the base 
member. One skilled in the art may readily deter- 
mine other alternative methods to mount clip mem- 
ber 20 to base member 16. 

The components of buckle member 14 are 
preferably fabricated from a bio-compatible metal 
such as stainless steel or titanium. Buckle member 
1 4 may also be fabricated from polymeric materials 
including acrylics, polystyrenes, polycarbonates 
and styrene-acrylonitrile (SAN) copolymers. It is 



also possible to fabricate buckle member 14 from a 
synthetic absorbable material. Such materials are 
well known in the art and include polymers or 
copolymers of glycolides, lactides, carbonates, lac- 

5 tones or blends thereof. 

Referring again to Fig. 1, strap 12 is attached 
to tail portion 30 of clip member 20 by passing an 
end of strap 12 through slot 31 (Fig. 2), and there- 
after securing the strap portions adjacent the tail 

10 portion by conventional means such as fabric weld- 
ing, cementing or stitching. Securing strap 12 to 
clip member 20 as opposed to base member 16 is 
a significant feature of the present invention in that 
it provides the mechanism for retaining the strap 

75 around sternum halves 50. In particular, as the 
strap is tightened around the sternum, the formed 
strap loop applies a tensional force to clip member 
20. This force drives clip member 20 to a general 
horizontal position and against the strap portion 

20 received within opening 18 of the buckle member. 
It is to be appreciated that as the strap loop is 
tightened around the sternum halves, the tensional 
forces on the clip member increases. Consequent- 
ly, as the force increases, the forward edge 27 of 

25 clip member 20 is driven even more strongly into 
the strap portion in a manner to maintain a locking 
relationship between the buckle and the strap. 

A handle 44 may be provided to facilitate ma- 
neuvering and tightening of strap 12 around the 

30 sternum halves. Preferably, handle 44 is formed by 
looping a second end portion of strap 12 over itself 
and then securing the end portion at position B 
along the strap. Handle 44 enables the user to 
control and maneuver the strap member from a 

35 position relatively remote from the operative site. 

A surgical needle 46 may be attached to a first 
end of strap 12 to assist in penetrating the targeted 
parasternal location and positioning the strap under 
the sternum and then outwardly at an opposite 

40 parasternal location. A curved surgical needle is 
appropriate for sternum closure and may be se- 
curely attached to the elongated strap by conven- 
tional methods. The end portion of strap 12, which 
is to be attached to needle 46, may be tapered to 

45 facilitate the needle-attachment process. 

Further understanding of the strap assembly of 
the present invention will be realized from the 
description provided of the use of same to secure 
split portions of a sternum together after surgery. 

50 Fig. 5 illustrates two strap assemblies posi- 

tioned about split sternum portions 50. A first strap 
assembly 10 is shown positioned around a lower 
section of sternum portions 50 with buckle member 
14 in the fully secured position. A second strap 

55 assembly is positioned about an upper section of 
sternum portion 50, with the buckle member 14 in 
the unsecured position. 
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The application of strap assembly 10 around 
sternum halves 50 to effect sternum closure is 
accomplished by placing strap 12 including buckle 
member 14 adjacent a selected parasternal loca- 
tion at one side of the sternum. Needle 46 with 
attached strap 12 is then inserted within the body 
tissue and passed under both sternum halves 50 to 
an opposite parasternal location where it is ex- 
posed from the operative site. The needle with 
attached strap is then pulled from the sternum 
location until a sufficient working length of scrap is 
provided. Buckle member 14 is grasped with an 
appropriate surgical implement, such as, for exam- 
ple, a pair of conventional forceps, and clip mem- 
ber 20 is pivoted to a general vertical position to 
expose opening 18 as shown in Fig. 6. The strap 
end with attached needle 46 is inserted within 
opening 18. The needle may be removed from the 
strap prior to this step if desired. Once through the 
opening, the surgeon grasps the strap end while 
holding handle 44 and pulls the strap end in an 
outward direction to remove most of the slack 
formed in the loop. 

At this point in the procedure, the strap mem- 
ber is not securely tightened around sternum 
halves 50. One or more strap assemblies may be 
placed around selected parasternal locations of the 
sternum in the same manner. When several strap 
assemblies are in place around the sternum, each 
member is ready to be tightened. The surgeon 
proceeds in grasping handle 44 and removes the 
remaining slack formed in the loop by pulling on 
the strap end. The sternum halves are joined to- 
gether in an adjacent face-to-face relationship and 
each strap member is tightened around the ster- 
num. Figs. 7 and 8 illustrate strap 12 in a closed 
looped locked configuration. In the closed position, 
forward edge 27 of clip member 20 wedges a 
portion of strap 12 against ramp 36 of buckle 
member 14. As previously noted, the formed loop 
applies a tensional force on clip member 20. This 
force drives forward edge 27 of clip member 20 
into strap 12 to maintain the formed loop In a 
locking relationship with buckle member 14. The 
remaining strap assemblies are secured around the 
sternum in the same manner. Once the buckle 
assemblies are secured in place, handle 44 and the 
excess working length of the strap end may be 
removed. 

Referring now to Fig. 9, an alternative embodi- 
ment of the buckle member of the present inven- 
tion is illustrated. This embodiment is substantially 
similar to the embodiment discussed above except 
for the inclusion of a shelf 52 projecting from ramp 
136 and into opening 18. Fig. 9 shows ramp 136 as 
perpendicular to the longitudinal axis of the buckle. 
However, the ramp may be slanted away from the 
opening of the buckle by an angle C of 1 " to 20 * 



shown in Fig. 10. Preferably, C ranges from 12 Mo 
18'. 

Shelf 52 extends across the width of opening 
18 and assists in securing strap 12 to base mem- 

5 ber 16. In particular, shelf 52 alters the angle in 
which the strap is received within opening 18 from 
a position substantially normal to the longitudinal 
axis defined by base member 16 to a position 
substantially parallel to the axis, and, as such, 

10 impedes sliding movement of the strap through the 
opening. Shelf 52 also provides more surface area 
for clip member 20 to engage the strap. Shelf 52 is 
also configured to receive forward edge 27 of clip 
member 20 when the clip is in the strap engaging 

15 position. The strap member is secured around the 
sternum halves in substantially the same manner 
as described in the prior embodiment. 

The present invention provides a relatively sim- 
ple and less traumatic means to effect sternum 

20 closure which can be performed rapidly and effec- 
tively by the surgeon. 

The claims which follow identify embodiments 
of the invention additional to those described in 
detail above. 

26 

Claims 

1. A strap assembly to be looped about split 

portions of tissued to retain the split portions in 
30 adjacent contacting relation to promote healing 

thereof, comprising: 

a flexible strap member; 

A buckle member including; 

a base member having an opening extend- 
36 ing therethrough for reception of said strap 

member; and 

means for engaging said strap member 
received within said opening to secure said 
strap member around the split portions of tis- 
40 sue, said engaging means having a first end 

portion for wedging said strap member against 
said base member and a second end portion 
attached to said strap member. 

45 2. The strap assembly according to claim 1, 
wherein said engaging means comprises a clip 
member pivotally mounted to said base mem- 
ber and further comprising means for attaching 
said strap member to said clip member. 

60 

3. The strap assembly according to claim 1 or 2, 
wherein said first end portion is serrated. 

4. The strap assembly according to claim 1, 2 or 
66 3, wherein two longitudinal grooves are dis- 
posed on a lower surface of said base mem- 
ber, said grooves being configured and dimen- 
sioned to accommodate portions of said strap 
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member beneath said base member when said 
strap member is secured around the split por- 
tions of tissue. 

5. The strap assembly according to any one of 

the preceding claims, further comprising han- 
dle means to facilitate maneuvering of said 
strap member around the split portions of tis- 
sue. 

6- The strap assembly according to any one of 
the preceding claims, further comprising a sur- 
gical needle attached to a first end portion of 
said strap member. 



11- The strap assembly according to any one of 
the preceding claims and including a ramp 
portion of said base member whereby said 
strap member may be securely wedged be- 
5 tween said forward edge of said clip member 

and the ramp portion. 

12, The strap assembly according to claim 11, 
wherein said ramp portion defines a ramp sur- 

10 face generally transverse to a longitudinal axis 

defined by said base member. 

13. The strap assembly according to claim 11 or 
12, wherein said ramp portion defines a ramp 

75 surface which is angularly displaced relative to 

an axis generally transverse to a longitudinal 
axis defined by said base member. 



7, The strap assembly according to any one of 
the preceding claims, including a slotted open- 
ing formed in a rear portion of said engaging 
means, said slotted opening configured and 
adapted for reception of said strap member. 20 

8- The strap assembly according to any one of 
the preceding claims, wheren: 

said engaging means comprises a clip 
member pivotally mounted to said base mem- 25 
ber is adapted for pivotal movement between 
an open position for reception of said strap 
member through said opening and a closed 
position to wedge said strap member between 
a forward edge of said clip member and said 30 
base member; 

wherein said clip member is attached to 
said strap member such that tightening of said 
strap member about the split portions of tissue 
applies a longitudinal force to said clip mem- 35 
ber to cause said clip member to pivot to the 
closed position such that said forward edge of 
said clip member is driven into said strap 
member received within said opening to se- 
curely wedge said strap member between said 40 
forward edge of said clip member and said 
base member. 

9- The strap assembly according to any one of 

the preceding claims, wherein said base mem- 45 
ber includes a shelf projecting into said open- 
ing to assist in securing said strap member 
within said base member. 

10. The strap assembly according to claim 9, 50 
wherein said shelf of said base member alters 
the angle in which said strap member is re- 
ceived within said opening to impede sliding 
movement of said strap member through said 
opening to assist in securing said strap mem- 55 
ber within said buckle member. 



14. A strap assembly to be looped about split 
portions of tissue to retain the split portions in 
adjacent contacting relation to promote healing 
thereof, comprising: 

(a) a strap member formed at least in part 
of: 

ultra-high molecular weight extended 
chain high tenacity fibers; or 

a bioabsorbable material selected from 
catgut and synthetic materials; or 

synthetic fibers selected from polyes- 
ters, polyethylene, plytetrafluoroethylene 
and polyamides; and 

(b) buckle means for securing said strap 

member in a compressive looped configura- 
tion about the split tissue portions. 
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FIG. 4 
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FIG. 7 
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